Introduction
Extranodal NK/T cell lymphoma (ENKTL), also known as angiocentric T cell lymphoma, is a rare, extranodal nonHodgkin lymphoma (NHL) typically affecting the upper aerodigestive tract (UADT), and causing the vast majority of cases of the syndrome previously known as "lethal midline granuloma." In light of its typical presentation in the nasopharynx, ENKTL has been classified as Bnasal type^(ENKTL-NT), a term that has been adopted by the WHO Classification. However, ENKTL-NT frequently extends locoregionally to the paranasal sinuses, orbits, and lymph nodes, and in some cases, can also develop outside of the nasopharynx.
Nearly all the cases of ENKTL-NT express NK cell, or less frequently T cell, markers and one or more cytotoxic molecules, such as granzyme B (GranB), T cell-restricted intracellular antigen-1 (TIA-1), and perforin. In all cases, clonal EBV is found in the majority of tumor cells. The association is so strong that lack of EBV detection should raise doubts about the diagnosis. Most patients present with disease localized to the UADT and have nasal obstruction, epistaxis, and necrotizing lesions of the nose or hard palate. In a subset of patients, ENKTL-NT develop in other extranodal sites, such as the gastrointestinal tract, skin, testis, or lungs. These cases, which display identical morphologic and immunophenotypical features as the UADT cases, including consistent association with EBV, are called extranasal or non-UADT ENKTL-NT.
The estimated 5-year overall survival (OS) for ENKTL-NT is between 40 and 50 % [1] . Survival is heavily dependent on stage at diagnosis. Long-term follow-up suggests a continued risk of relapse up to 10 years from diagnosis [2] [3] [4] . Patients with disseminated ENKTL-NT (regardless of the presenting site) and patients with extranasal, non-UADT ENKTL-NT fare particularly poorly [3] .
ENKTL-NT has a distinctive ethnic and geographic distribution with higher incidence in East Asia and Latin America where it can account for upwards of 10 % of NHL [5, 6•, 7•, 8] . In the USA, Canada, and Europe, ENKTL-NT is rare with best estimates indicating that it represents significantly less than 1 % of all NHL [5, 6•, 7•] . ENKTL-NT can mimic other sinonasal and oropharyngeal disorders, such as invasive fungal infections, Wegener's granulomatosis, and other malignancies, thus resulting in delayed diagnosis and potential underreporting. The incidence of ENKTL-NT in the USA has increased in the past few years, with an estimated relative change of up to 10 % per year according to the data from US Surveillance Epidemiology and End Results (SEER) [9, 10] . Epidemiology, disease presentation, and outcome data for North American and European patients with ENKTL-NT are extremely limited and conflicting.
We review in detail recent studies in the context of previous landmark publications. We highlight discrepancies and limitations and provide our perspective on the current clinical landscape of ENKTL-NT in the West.
Challenges in the Classification of NK/T Cell Neoplasms
The classification of the subset of lymphoid malignancies derived from cytotoxic lymphocytes, such as NK cells, CD8+ (and a subset of CD4+) TCRα/β T cells, and CD4− and CD8− TCR γ/δ T cells, continues to evolve, reflecting our improved understanding of the biology of these disorders and our appraisal of the significant differences in clinical course and outcome associated with each entity. This has important clinical implications because a diagnosis of lymphoma or leukemia of cytotoxic T cell or NK cell derivation in European and North American patients is still associated with a great deal of uncertainty about optimal treatment and anticipated outcome. While many of these entities are clinically aggressive and have poor prognosis, some of them are clinically indolent, have excellent outcomes, and should be managed conservatively. It is therefore important that any potential Bsheep in wolf's clothing^ [11] is recognized. Since histology and cell lineage are not always discriminating [12••] , other characteristics, such as presence of EBV or expression of TCR γ/δ, that may help distinguish aggressive from indolent disease entities should be considered. Table 1 provides a summary view of these disorders and outlines the key distinguishing features of the T/NK cell neoplasms that come under consideration in the differential diagnosis of cytotoxic T/NK cell neoplasms, including ENKTL-NT.
Since the presence of EBV in cytotoxic T/NK cell lymphomas is not uniform and may help distinguish aggressive from indolent subtypes, EBER-ISH should always be included in the diagnostic workup of these malignancies. Among the EBV-positive cytotoxic T/NK cell neoplasms, ENKTL-NT is defined in the 2008 World Health Organization (WHO) classification as a Bpredominantly extranodal lymphoma characterized by vascular damage and destruction, prominent necrosis, cytotoxic phenotype and association with Epstein-Barr virus (EBV)^ [13] . Its dual NK/T cell lineage designation reflects the fact that although most of the cases are derived from NK cells (CD2+, sCD3−, cCD3ε+, CD56+, CD16+/−, and germline TCR), a subset of cases demonstrate a T cell phenotype (sCD3+, CD56−, GranB+, with TCRα/β, or less frequently TCRγ/δ expression) [14] . All cases express one or more cytotoxic markers (GranB, TIA-1, and perforin). A number of other aggressive extranodal lymphomas; however, express CD56, cytotoxic markers, and TCR γ/δ [12••] . As a result, the distinction between extranasal, non-UADT ENKTL-NT, and other lymphoproliferative disorders of NK cells or cytotoxic T cells can be quite difficult. In that regard, clinicians and pathologists should also be aware of a group of Among the EBV-negative cytotoxic T/NK cell lymphoproliferative disorders, the 2016 WHO classification will add two provisional entities: chronic lymphoproliferative disorder of NK cells, generally considered a variant of large granular lymphocyte (LGL) leukemia, and indolent T cell lymphoproliferative disorder of the GI tract. A third indolent lymphoproliferative disorder of NK cells, NK cell enteropathy [19] , is not yet included in the 2016 WHO Classification. Although these entities are all characterized by infiltration of extranodal sites with NK cells or cytotoxic T cells, mimicking aggressive extranodal T cell lymphomas and ENKTL-NT, they are clinically indolent and have an excellent prognosis. In the absence of specific molecular or immunologic discriminating features, the absence of EBV should alert pathologists and clinicians that these lesions are not to be included in the family of aggressive T/NK cell lymphomas and should therefore be approached as indolent diseases.
Relative Frequency of Various T/NK Cell Lymphomas in the West
Estimating the relative frequency of specific lymphoma entities in geographically different regions of the globe is susceptible to a significant degree of bias due to inconsistencies in referral patterns, data reporting, and diagnostic criteria. However, when differences are large, comparing relative frequencies can also provide clues to the factors affecting disease development and natural history. The pioneering work conducted by the International Lymphoma Study Group (ILSG) was the first attempt to study the global distribution of NHL subtypes across geographic regions. The ILSG comprised 9 institutions in 8 countries and collected 1,403 consecutive cases of NHL from 1988 to 1990. This study occurred before the 2008 WHO classification and identified a very small number of Bangiocentric nasal NK/T-cell tumors,^mostly from Hong Kong (8 %) and Lyon (2 %), which likely represented cases of ENKTL-NT [20] . For these reasons, it is difficult to generalize about ENKTL-NT from this study. More recently, the International Peripheral T cell lymphoma project (IPTCLP), a consortium of 22 institutions in North America, Europe, and Asia conducted the largest global comparison study of frequency and clinicopathologic features of mature T cell and NK cell lymphomas (defined as PTCL for eligibility purposes), including ENKTL-NT. Among 1,153 cases that met the inclusion criteria for PTCL, 12 % (N = 136) were classified as ENKTL-NT, of which 68 % (N = 92) were nasal ENKTL-NT, 26 % (N = 35) extranasal ENKTL-NT, and ∼6 % (N = 9) were ANKL or unclassifiable. Ethnicity was available for 95 % of the cases (129/136). The vast majority of ENKTL-NT patients in the IPTCLP were Asian, overall accounting for 80 % of nasal ENKTL-NT and 84 % of extranasal ENKTL-NT. White patients accounted for a minority of nasal (9 %) and extranasal (13 %) ENKTL-NT cases. The remaining patients registered on the study were Hispanic, Native North American, and African [4] .
Among the cumulative 32 ENKTL-NT cases (5 % of PTCL; 32/689) from Europe and North America in the IPTCLP, 66 % (21/32) were nasal ENKTL-NT, 25 % (8/32) extranasal ENKTL-NT, 3 % (1/32) ANKL, and 6 % (2/32) unclassifiable. A similar distribution of subtypes were seen among the 104 Asian cases, whereby 68 % (71/104) nasal, 26 % (27/104) extranasal, 0.01 % (1/104) ANKL, and 0.04 % (5/104) unclassifiable [4] . While data on North American, European, and non-Asian ENKTL-NT patients from the IPTCLP are limited, this study represents an unbiased uniform characterization of ENKTL-NT across different geographic areas and ethnicities and demonstrates a similar distribution of subtypes, irrespective of country of origin. Since the main objectives of the IPTCLP were to improve pathologic classification and describe geographic variation in histologic subtypes, clinical data were collected retrospectively, which limits the value of this dataset in describing natural history and outcomes.
In . At completion, the T cell Project will include the largest prospectively collected cohort of Western ENKTL-NT. It will be a valuable prospective dataset to compare the clinical presentation and outcome of ENKTL-NT across racial and ethnic backgrounds. Only patients treated at large academic centers are included; thus, there remains a significant degree of selection bias.
Estimating Global Incidence Rates of ENKTL-NT
Since the IPTCLP and the T cell Project are not population-based datasets, robust conclusions regarding the incidence of ENKTL-NT cannot be drawn from these studies. Several studies without central pathology review have attempted to compare incidence estimates for Asian and Western T/NK cell neoplasms. In the USA, two population-based studies compared the incidences of T/NK cell neoplasms (including ENKTL-NT) in USA and Asia. A cross-sectional study comparing incidences of hematological malignancies using the Taiwan Cancer Registry and the Surveillance, Epidemiology, and End Results (SEER) in the USA, identified a higher incidence of T/NK cell neoplasms in Taiwan There have been no studies comparing the incidence of ENKTL-NT in Europe vs. Asia; however, there have been several population-based studies [24•, 25 •], retrospective analyses [26, 27, 28•] , and one prospective clinical trial [29] in Europe. In the UK, the Haematological Malignancy Research Network (HMRN) was established in 2004 to provide generalizable data to inform clinical practice and research. It comprises an ongoing population-based cohort of patients newly diagnosed by a single integrated hematopathology laboratory in two adjacent UK Cancer Networks. It included 0.001 % (9/8355) ENKTL-NT, nasal type patients [30] raising the possibility that ENKTL-NT is less frequent in the UK compared to the USA. An Italian study surveyed 10 centers participating in Intergruppo Italiano Linfomi (IIL) and identified 26 cases of non-Hispanic whites ENKTL-NT, nasal type between 1997 and 2004 [28•] . While this multi-center Italian study does not provide additional insight into the incidence of ENKTL-NT in Europe, it is one of the few studies with only non-Hispanic whites. In contrast to the scarcity of ENKTL-NT reported throughout Europe, relatively large retrospective ENKTL-NT studies [26, 27] and a prospective clinical trial have been completed in France [29] . This suggests that ENKTL-NT may be more infrequent, underreported, or misdiagnosed in certain parts of Europe compared to France. These past and ongoing studies suggest a need to better understand factors responsible for differences in the geodemographic incidence patterns.
Estimates of ENKTL-NT Incidence in the West By Ethnic Group
Retrospective studies conducted in USA [ (N = 91; incidence rate 0.18) in Hispanics, and 1.5 % (N = 57; incidence rate 0.23) in APIs. As a proportion of all T/NK cell lymphomas, ENKTL-NTs comprised 1.2 % in non-Hispanic whites, 5.1 % in Hispanics, and 6.8 % in APIs [32] .
In summary, based on these registry studies [10, 24•, 32, 33 •], the best estimates are that in the US ENKTL-NT represents ∼1-2 % of all T/NK cell lymphomas and ∼0.2 % of all NHL, with significantly higher incidence among Hispanics and API. These estimates may still be inaccurate for several reasons. First, for registry studies based on billing codes to accurately reflect the incidence of ENKTL-NT, T/NK cell lymphoma subtypes must be correctly identified and entered into the medical record. In rare and complex hematologic malignancies, this assumption is likely invalid. Second, in the IPTCLP, which required centralized pathology review, 12 % of all T cell and NK cell lymphomas (defined as PTCL) were characterized as ENKTL-NT compared to 0.5 % in the most recent SEER study. It is possible that the higher percentage observed in the IPTCLP is an overestimate of ENKTL-NT for several reasons: only large tertiary academic centers were included, it excluded the majority of cutaneous T cell lymphomas as well as several other T cell neoplasms (e.g. LGL leukemia), and it included Asian patients. Regardless, the overarching problem is the variation in methodologies across studies, which blurs the exact incidence of ENKTL-NT. Even studies using the same database (e.g., SEER and NCDB) have conflicting results [10, 24•, 32, 33•] . It is likely that if diagnoses were revised according to the initial pathology report or centralized pathology review in these registry studies, the incidence of ENKTL-NT would be higher than 0.2 % of NHL and 1-2 % of T/NK cell lymphomas. To better understand the implications of studies focused on T/NK cell neoplasms, it is critical to understand how the population is defined.
Clinical Presentation of ENKTL-NT in Different Ethnic Groups and Geographic Areas
In the USA and Europe, given the low level of suspicion for this neoplasm, diagnosis is often delayed because the biopsy specimen is necrotic or because bacterial and fungal stains are incorrectly interpreted as evidence that the primary process is an invasive bacterial or fungal sinusitis, rather than lymphoma, leading to repeated, but unsuccessful, courses of antimicrobial therapy. This delay in diagnosis and treatment, which may amount to several months, can increase the risk of locoregional extension, thus, compromising survival, and have cosmetically devastating consequences [3] . Out of 23 ENKTL-NT patients treated at Ohio State University (OSU) and 2 at the University of Colorado (CU), we observed a median time of symptoms to diagnosis of 5 months (range 1-36). Twelve patients required more than one diagnostic biopsy leading to considerable delay in diagnosis (up to 36 months). Elevated plasma cell-free EBV-DNA (pEBVd) was highly predictive of EBER+ tumors and was very helpful in the workup and diagnosis of patients with suspected ENKTL-NT [35] .
Just as in Asia, where approximately 70 % of patients present with limited stage disease (Ann Arbor Stage I/II) in the nasopharynx, the most frequently reported clinical presentation of ENKTL-NT in the USA and Europe is nasal obstruction or bleeding from a mass in the UADT (nasal cavity, nasopharynx, paranasal sinuses, tonsils, hypopharynx, and larynx) [26, 29, 36] . Other affected sites reported in the US and Europe include the paranasal area [37] , skin/soft tissue [29] , gastrointestinal tract [38, 39••] , and testis [40••] . Two publications, from the USA and France, reported breast involvement [41, 42] , a phenomenon we have observed in the absence of UADT involvement. CNS involvement in ENKTL-NT has not been frequently reported. Two case reports, one from the UK and one from the USA, have described patients with meningeal and CNS disease secondary to CD56−, εCD3+, sCD3−, and EBER+ mature T/NK cell lymphomas [43] . The largest studies assessing risk of CNS disease in ENKTL-NT are a Swedish registry study [44• ] and a retrospective East Asian [45] study with 0 (0/26) and 6 % (12/208) risk of CNS disease, respectively.
In contrast to the relatively uniform UADT presentation in Western ENKTL-NT, Asian and South American cases present with a much more diverse spectrum of clinical manifestations and antecedent disorders. Hemophagocytosis is observed in up to 3 % of cases [36, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] and hydroa vacciniforme-like lymphoproliferative disorder (HVLL), an indolent lymphoproliferative disorder of EBV+ NK cells or γ/δ T cells can precede ENKTL-NT by several years [64•] . There is no evidence of HVLL preceding ENKTL-NT in USA or European ENKTL-NT. Table 2 displays median age, race, male to female ratio, site of clinical presentation, and stage in published USA, Canadian, and European studies, as well as unpublished cases from OSU and CU [25•, 28•, 34•, 39••, 65] . Age at diagnosis in most Asian cohorts is 53 years old [2] , which is similar to the median age of diagnosis in the Western ENKTL-NT studies listed in Table 1 , as well as a US SEER study [33•] (median 53; range 18-90+). Whereas, studies from France, the UK (HMRN), and South Korea report median ages at diagnosis between 60 and 63 years [3, 29, 33 •]. In the study directly comparing the Hong Kong Cancer Registry and the US SEER database, the proportion of patients with NK/T cell neoplasms who were 50 years or older at diagnosis was higher in Hong Kong (70 %) and among US Asians (68 %) compared to US whites (52 %) [23•] . This differs from the California ENKTL-NT SEER study that showed that non-Hispanic whites were significantly older than Hispanics and API (non-Hispanic whites 59, Hispanics 52, and APIs 48) [32] . Due to methodological differences in categorizing T/NK cell neoplasms in these studies, strong conclusions cannot be drawn. However, the significant differences observed in the California study, which focused exclusively on ENKTL-NT, highlight the possibility of an increased genetic susceptibility of Hispanic and API patients, resulting in earlier age of diagnosis.
Virtually, all ENKTL-NT studies demonstrate a male predominance. Table 1 shows a ratio of ∼2:1 male to female (M:F), which is similar to that reported in an earlier US SEER-based study [10] . This M:F ratio is slightly higher than the 1.8:1 published in a large Korean study by Lee and colleagues [3] , but is in line with a large US SEER study by Karkera et al., which reports an M:F ratio 1.9:1 [2, 3, 33•] . Table 1 shows less frequent extranasal disease in the MD Anderson Cancer Center (MDACC), Italian, and Canadian studies. Whereas, in larger Asian studies, extranasal disease was reported up to 18 % [2, 3] . We believe the inconsistency in percent extranasal disease across studies is secondary to differences in inclusion criteria and sample size. The largest US study showed 14 % extranasal ENKTL similar to the 15 % observed by Lee and colleagues [32, 33•] .
With regard to variation among race and ethnicity, Ai et al. showed no difference in stage and site of disease between US (California) Non-Hispanic whites, Hispanics, and API [32] . While there may be variation in age of diagnosis among races, ENKTL-NT patients are uniformly male predominant and the differences in clinical presentation (i.e., limited vs. advanced stage and nasal vs. extranasal) observed in some Western ENKTL-NT studies could be explained by sampling bias.
Clinical Outcomes of ENKTL-NT in Europe and North America
The treatment approach to ENKTL-NT has evolved over the years. Early studies showed that anthracycline-based chemotherapy regimens, like CHOP (cyclophosmphamide, doxorubicin, vincristine, and prednisone), are largely ineffective in ENKTL-NT, in part due to high levels of expression of P-glycoprotein [68] . Due to the resistance of ENKTL-NT to chemotherapy, radiation therapy at doses ranging from 45 to 60 Gy was initially adopted as the front-line treatment modality of choice. However, even in stage I ENKTL-NT, the rates of progression outside the radiation field in some of the larger studies are unacceptably high [66, 67•] . As more effective chemotherapy regimens were integrated in a multimodality approach, concurrent chemoradiation or sandwich strategies were introduced.
After the initial publication of single agent efficacy with Lasparaginase in relapsed/refractory ENKTL-NT in 2003 [69] , Jaccard and colleagues reported an overall response (OR) rate 43 (59) 18 (24) 8 (11) 4 (6) 32 (74) 10 (23) 1 (3) 16 (47) 1 (3) 16 (47) 26 (100) (85) 40 (15) 63 (86) 10 (14) 28 (65) 15 (35) 34 (100) 23 (88) 3 (12) 13 (100) 5 (71) 2 (29) Stage (%) I/II III/IV 200 (76) 62 (24) 44 (65) 24 (35) 26 (61) 17 (39) 28 (82) 6 (18) 18 (69) 8 (31) 13 (100) 5 (71) 2 (29) Treatment (%) CT Local Tx CT + Local Tx 119 (46) 18 (7) 120 (46) 14 (22) 8 (13) 3 One treated with Sx alone; of the 16 treated with CT+ local Tx, 14 were treated with RT alone and 2 were treated with RT + Sx 4 PFS calculated for responders only 5 All patients accrued from tertiary hospitals in Korea. Race/ethnicity was not reported in the manuscript of 87 % and a complete response (CR) rate of 47 % in 15 Western patients [26] . L-asparaginase was incorporated into a variety of combination regimens, dramatically increasing OR rates to ∼80 %, often with CR rates in the 50-60 % range [29, 70] . Based on French studies in relapsed/refractory ENKTL-NT, L-asparginase appeared equally effective in Western cohorts. Consequently, L-asparginase-based regimens were introduced in the front-line treatment approach to ENKTL-NT. However, data on upfront use of L-asparginase in Western ENKTL-NT is sparse, and it remains to be seen whether a strategy of sequential L-asparaginase-based chemotherapy followed by involved field radiation therapy (IFRT) in stage I/II patients is equally effective as concurrent chemoradiation therapy (CCRT), with regimens such as DeVIC (dexamethasone, etoposide, ifosfamide, and carboplatin) [71] and VIPD (etoposide, ifosfamide, cisplatin, and dexamethasone) [72] . Recently, the French conducted a prospective study evaluating the efficacy of CCRT using the chemotherapy regimen ESHAP (etoposide, methylprednisolone, cytarabine, and cisplatin). Thirteen patients with localized ENKTL-NT (stage I/II) were enrolled between January 2005 and December 2014. This study showed a 2-year OS of 72 %. In other Western cohorts, as reported in Table 2 , from MDACC, Italy, and Canada, the majority of patients received anthracycline-based therapies with or without radiation. The MSKCC (published) and OSU (unpublished) cohorts include patients who received upfront asparginase. While the inclusion of L-asparginase in chemotherapy regimens such as SMILE (dexamethasone, methotrexate, ifosfamide, L-asparginase) have dramatically improved response rates in relapsed or advanced stage patients, long-term follow-up suggests a continued risk of relapse with few long-term survivors. Qi et al. reported treating nine advanced stage (stage III/IV) ENKTL-NT patients with modified (m) SMILE (four white, four Asian, and one black). Response rates for these nine patients were not reported; however, at 1-year follow-up, only three patients were alive and only one remained progression-free after initial therapy [40••] . Furthermore, the US NCDB registry study showed no improvements in overall survival when comparing outcomes before and after 2009. Median OS for this entire cohort was 15 months. Improved survival was significantly better in patients who were younger, had early stage disease, nasal only disease, lived in large metropolitan counties, privately insured, received radiation, or underwent hematopoietic cell transplant [33• ]. An alternate US SEER study showed that survival varied significantly by race and ethnicity, with blacks in particular experiencing shorter survival [31•] . As previously discussed, there are multiple limitations to these studies, but results support the need to further investigate factors contributing to variable outcomes in ENKTL-NT between racial and ethnic groups.
The role of autologous and allogeneic hematopoietic cell transplant (HCT) in ENKTL-NT is unclear, with most data deriving from retrospective studies prior to the introduction of nonanthracycline-based front-line treatment strategies [73•, 74-78, 79•, 80-82] . The largest analysis of autologous HCT for Western patients with ENKTL-NT has been reported by the European Society of Bone Marrow Transplant (EBMT). This study of 28 patients showed a 2-year progression-free survival (PFS) and OS of 41 and 52 %, respectively. Median number of prior therapies was 2 with 57 % of patients not in complete remission prior to transplant [83••] . In a US multi-center retrospective study in 27 ENKTL-NT patients who received autologous and allogeneic HCT (14 autologous and 13 allogeneic), PFS and OS for the entire group were 50 and 51 % with a median follow-up time of 11 years. Overall survival at 3 years for autologous and allogeneic HCT was 64 and 39 %, respectively. There was a trend towards less complete responses prior to transplant in the allogeneic HCT group (46 vs 17 %), which suggests a graft versus tumor effect [84• ]. These studies demonstrate that HCT is an effective and useful tool, however, knowing who, when, and how to transplant in the asparginase era remains to be defined.
EBV-DNA Monitoring
Based on the detection of EBV-encoded RNA (EBER) in neoplastic NK/T cells by in situ hybridization (ISH), ENKTL-NT is consistently associated with EBV, irrespective of geographic location or ethnicity [85] . In many EBVassociated lymphomas, including ENKTL-NT, serum or plasma cell-free EBV-DNA (pEBVd) can be detected and quantified by quantitative real-time polymerase chain reaction (qRT-PCR). Analysis of pEBVd in Asian patients with ENKTL-NT suggests that circulating pEBVd results from shedding of EBV-DNA fragments from latently infected tumor cells [101] . Quantitation of pEBVd has been shown in East Asian cohorts to correlate with tumor burden at diagnosis whereby persistent detection after L-asparaginase-based chemotherapy was associated with relapsed or refractory disease [73•, 86-90] . Suzuki and others have also suggested that whole blood is a more sensitive tumor biomarker [1, 86, 88, 91, 92] , although serum/plasma and whole blood (PBMC samples) were not drawn in parallel. Kanakry and colleagues, on the other hand, have shown that pEBVd is a more sensitive and specific EBV biomarker across a broad range of EBVassociated diseases [93••] . Although there were only three ENKTL-NT patients studied in this study, all three had elevated cell-free pEBVd. Only one patient had a matched PBMC sample, which also contained elevated EBV-DNA [93••] .
Mostly due to limitations of multicenter retrospective data and registry databases, the clinical significance of serially measuring pEBVd and the value of pEBVd as a tumor biomarker in non-Asian ENKTL-NT cases remains less defined. We routinely measure pEBVd in patients with ENKTL-NT at diagnosis, during therapy, and at follow up. At OSU, 80 % of pEBVd-assessable ENKTL-NT patients (17/21) had elevated pEBVd prior to treatment. All four individuals without detectable pEBVd at diagnosis had limited stage disease (stage I).
Following initial pEBVd detection at diagnosis, pEBVd rapidly decreased after initiation of therapy and remained undetectable during disease remission in all but one patient who had a transient rise and fall of pEBVd without intervention or relapse. This scenario emphasizes the need to delineate the positive and negative predictive value of pEBVd as a tumor biomarker in ENKTL-NT. Amidst limitations of our clinical assay, in a subset of assessable patients (N = 13), we observed a pattern of elevated pEBVd at times of diagnosis, progression, or relapse in 10/13 (77 %) patients (Fig. 1) . Thus, serial monitoring of pEBVd may be informative as a predictive tumor biomarker also in Western ENKTL-NT.
Proposed Treatment Approach to ENKTL-NT
While there may be differences in genetic susceptibility and clinical presentation between Western and East Asian ENKTL-NT, the poor outcomes associated with anthracyclinebased therapies observed in USA, European, and Canadian populations are comparable to those observed in patients from East Asia. Historically, the evolution of our treatment approach to ENKTL-NT has reflected the initial emphasis on front-line radiation therapy and the use of allogeneic HCT for eligible patients with chemosensitive progressive disease. With the introduction of more effective, L-asparaginase-based systemic therapies, we have adopted a sequential strategy. At diagnosis, we risk stratify patients based on the IPI (international prognostic index) or the KIPI (Korean IPI). With the publication of the PINK-E (prognostic index of natural killer lymphoma with quantitative measurement of EBV-DNA), we have started using this new index [3, 94, 95 ••]. Additional negative prognostic markers being explored include beta-2 microglobulin (B2M), soluble interleukin 2 (sIL2) >600 U/mL, and C-reactive protein (CRP) >1 mg/dL [96, 102] . In line with NCCN guidelines [97] , we measure pEBVd pre-therapy and during follow-up. Consistent with Asian studies, we have observed that measuring pEBVd serially is useful to monitor response and detect relapse. Increasing levels of pEBVd suggest progressive, refractory, or relapsed disease [1, 86] .
Our current front-line approach to ENKTL-NT is largely determined by the IPI/KIPI score, by the extent of disease (stage I/II vs stage III/IV), and by pEBVd levels and is guided by the following considerations: (1) effective systemic therapy is likely an important component of the management strategy for most patients, including those with early stage, and (2) the toxicity of CCRT is very significant, even in young and fit patients [25•, 66, 67•, 71, 72] . These concerns are supported by observations that systemic failure rates after primary radiation therapy are high, even in patients with early stage disease. Therefore, as front line therapy, in patients who are fit and <75 years old, we have adopted the asparginase-based regimen mSMILE as published by Qi and colleagues [40••] . For early stage patients who are frail or ≥75 years old, we use less aggressive asparaginase-based regimens or single agent Lasparginase until clinical improvement and normalization of the pEBVd, followed by IFRT. Three patients (two OSU and one CU) treated with single agent asparaginase/IFRT are currently without disease at 6 months to 3+ years after completing therapy. This suggests that single agent asparaginase may be adequate in a good risk subset of patients to achieve disease control prior to IFRT and to prevent systemic relapse. In patients eligible for multi-agent chemotherapy, we have adopted an approach of stage-adapted mSMILE, followed by IFRT. Patients with stage I/II, without risk factors (low-risk IPI/ KIP), receive two cycles of mSMILE every 3-4 weeks [65] , followed by IFRT (45-50 Gy). In our small experience (N = 5), this approach to localized disease (stage I/II) has been encouraging with 100 % of the patients achieving a CR (Table 2) symptoms, elevated LDH, CRP, B2M, and extranasal disease) receive four to six cycles of mSMILE, followed by IFRT. PGemOx is a consideration in unfit patients. We consider consolidation with autologous HCT for those with advanced stage or high-risk patients achieving adequate disease control. We routinely use pegylated asparaginase due to the easier dosing schedule, decreased risk of hypersensitivity, and lower frequency of asparaginase antibodies [99] . The role of monitoring anti-asparginase antibodies remains to be defined. In a phase 2 trial in France, PFS and OS were significantly better among patients without antibodies [29] . Despite significant improvements in ENKTL-NT outcomes in the asparginase era, advanced stage patients have poor long-term survival.
Conclusions
Western ENKTL-NT is an aggressive lymphoma consistently associated with EBV. Even when accounting for inconsistencies in describing ENKTL-NT vs. other EBV-associated T/NK cell lymphoproliferative disorders, the incidence of ENKTL-NT in the USA appears to be increasing. Despite significant limitations inherent to retrospective and registry studies, there may be differences in age, clinical presentation, and outcome among various racial and ethnic groups. In US populations, ENKTL-NT is more common among API and Hispanics compared to whites. Regardless of variable outcomes among different racial groups, all patients tend to be resistant to anthracycline-based therapy but respond to regimens containing asparginase. IFRT remains an integral part of therapy for limited stage ENKTL-NT, although high radiation doses (≥50 Gy) and the need for CCRT may need to be reassessed in the asparginase era. The timing and role of autologous and allogeneic HSCT are unclear. 
